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[57] ABSTRACT 

An electrophotographic photosensitive member is 
formed by disposing a photosensitive layer and a pro 
tective layer in this order on an electroconductive sup 
port. The protective layer is formed from a resin ob 
tained by polymerization of a curable acrylic monomer 
having at least three acrylic groups, i.e., acryloyl and 
/ or methacryloyl groups. The protective layer not only 
shows a good durability against wearing but also can 
contain ?ne electroconductive particles therein with a 
good dispersibility because of the presence of the 
acrylic groups aiding the dispersion. 

13 Claims, 1 Drawing Sheet 
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ELECTROPHOTOGRAPHIC PHOTOSENSITIVE 
MEMBER 

This application is a continuation of application Ser. 
No. 07/709,822, ?led Jun. 4, 1991, now abandoned. 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to an electrophoto 
graphic photosensitive member having a protective 
layer, which can stably provide high-quality images 
even after repetitive use. 
An electrophotographic photosensitive member is 

required to show desired sensitivity and electric proper 
ties depending on an electrophotographic process ap 
plied thereto as a matter of course. Particularly, an 
electrophotographic photosensitive member subjected 
to repetitive use is required to show durabilities against 
electrical and mechanical forces applied thereto during 
corona charging, toner development, transfer to paper 
and cleaning treatment. On the other hand, there is also 
a problem that a toner is attached to the surface layer, 
and therefore the photosensitive member is required to 
show an improved cleaning performance of the surface 
layer. » 

In order for the surface layer of a photosensitive 
member to show such required properties, it has been 
proposed to provide a resinous protective layer on a 
photosensitive layer. For example, Japanese Laid-Open 
Patent Application JP-A Sho 57-30843 has proposed a 
protective layer capable of having a controlled resistiv 
ity by using a mixture of a resin and electroconductive 
powder of a metal oxide. 
However, in view of recent requirement of copied 

images of further improved image quality, a protective 
layer showing further improved properties in respects 
of electroconductivity, transparency, dispersion of an 
electroconductive substance, etc., in addition to a me 
chanical strength, is desired. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrophotographic photosensitive member having a 
protective layer with electroconductive particles well 
dispersed therein and free from coating irregularity or 
pinholes. 
Another object of the present invention is to provide 

an electrophotographic photosensitive member which 
is excellent in hardness and lubricity and has a durability 
against conspicuous wearing or occurrence of scars due 
to rubbing. 
A further object of the present invention is to provide 

an electrophotographic photosensitive member which 
is excellent in potential characteristic and is capable of 
providing high-quality images free from spot-like image 
defects or fog. 
According to the present invention, there is provided 

an electrophotographic photosensitive member, com 
prising: an electroconductive support, a photosensitive 
layer and a protective layer disposed in this order, said 
protective layer comprising a resin formed by polymeri 

, zation of a curable acrylic monomer having at least 
three acrylic groups. 
These and other objects, features and advantages of 

the present invention will become more apparent upon 
a consideration of the following description of the pre 
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2 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating the outline of 
an electrophotographic apparatus equipped with an 
electrophotographic photosensitive member according 
to the present invention. 
FIG. 2 is a block diagram of a facsimile apparatus 

including such an electrophotographic apparatus as a 
printer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The electrophotographic photosensitive member ac 
cording to the present invention has a protective layer 
comprising a resin formed by polymerization of a poly 
functional curable acrylic monomer having at least 
three acrylic groups. Herein, the term “acrylic group” 
is used to inclusively mean both acryloyl and metha 
crylol groups. 

Thus, examples of the curable acrylic monomer may 
include acrylate monomers and methacrylate mono 
mers having at least three (meth)acryloyl groups. 

In the present invention, the polyfunctional acrylic 
monomer may be used singly to form a resin or used in 
mixture of two or more species to form a copolymer 
resin. It is also possible to mix the polyfunctional acrylic 
monomer with another curable monomer, particularly, 
a photocurable monomer to form a copolymer resin. In 
any case, the polyfunctional acrylic monomer should 
preferably be used in a proportion of at least 20 wt. %, 
particularly at least 30 wt. %, of the total monomer. 

Further, the polyfunctional acrylic monomer having 
at least three acrylic groups can be used in mixture with 
another resin. Examples of such another resin may in 
clude: polyester, polycarbonate, polyvinyl chloride, 
cellulose resin, ?uorine-containing resin, polyethylene, 
polyurethane, acrylic resin other than those described 
above of the present invention, epoxy resin, silicone 
resin, alkyd resin and various copolymers, such as vinyl 
chloride-vinyl acetate copolymer resin, etc. In such a 
mixture, the polyfunctional acrylic monomer of the 
present invention may preferably be used in an amount 
constituting at least 20 wt. %, particularly at least 30 wt. 
%, of the total of the monomer and resin constituting 
the protective layer. 
The polyfunctional acrylic monomers having at least 

three acrylic groups used in the present invention may 
for example include those represented by the following 
structural formulae (l)—(3). 

Formula 

(1) 

(2) 
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In the above formulae (1)—(3), X, Y, Z, W, X’, Y’ and Z’ 
independently denote hydrogen atom, alkyl group, aral 
kyl group, aryl group or functional group including 
acrylic group as de?ned below, A denotes ——O— or 
~S—, l and m independently denote an integer of 0-10 
with the proviso that at least three of X, Y, Z and W in 
the formula (1) and (2) or of X, Y, Z, X’, Y’ and Z’ in the 

10 

4 
-continued 

O O 

ll 
wherein R1 denotes —C—CH=CH1 (acryloyl), 

OI CH3 
R2 denotes —C—C=CH2 

formula (3) are functional groups including acrylic 15 (methacryloyl), and n, pandqindependently denote an 
groups selected from alkyl groups having integer of O-lO. 

Hereinbelow, some preferred examples of the poly 
functional acrylic monomer used in the present inven 
tion are described hereinbelow but they are not exhaus 
tlve. 

Number of acrylic 
No. Structural formula unsaturations 

l CHzORl 3 

CH3CHZ— C- CHgORl 

CHzORl 

2 CH3 3 

CH3CH2—' C-(-CH2CHOR2)3 

3 CHzORl CH3 3 

CH2CH-C'(-CH2CHOR2)2 

4 CHZCIIHORI 3 
CH3 

CH2CH—C-(-CH2OR])2 

5 CHZORZ 3 

HOCl-h-C- CHZORZ 

CHZORZ 

6 CHzORl (III-[20R] 4 
HOCHZ~C—CHQ_OCHZ— C|l- CHZOH 

CHgOR] CHZORI 

7 CHgOR] CH3OR1 6 

R1OCH2— C-— CH2OCH2—C—CH2OR1 

CHgOR] CH2OR1 

8 (RzOCHg'); C- CHgOCHZ—C—CH2OR2 6 

(Rz*0C2H10—?)2 

9 it) 3 
RIOCHZCHZ A CHzCHzORl 

\ / 
N N 

/ \ or N *0 
l 
CHZCHZOR] 

lO cmcmc-ecmoqmonm 3 
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-continued 
Number of acrylic 

No. Structural formula unsaturations 

ll 0 3 

ll 
RZOCHZ /\ /CH2ORZ 

N N 

04k N J§O 
l 
CHzCHgORg 

CHZ_C_CHZOR1 

CHZOR] 

22 CH2OR1 3 

C—CH2OR1 

CHgORl 
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-continued 

Number of acrylic 
No. Structural formula unsaturations 

26 (Ill-120R; CHZORZ 4 
CH2—C—CH2—O—CH2—C—CH3 

CHZORZ CHZORZ 

-continued 
0 
II 
C The protective layer in the electrophotographic pho 

tosensitive member according to the present invention 
may preferably have a thickness in the range of 0.1-10 
microns, particularly 0.5-7 microns. 
The protective layer may be formed by applying a 

paint comprising a polyfunctional curable acrylic mon 
omer as described above and an appropriate solvent 
onto a photosensitive layer directly or by the medium of 
an intermediate layer, followed by drying and curing on 
exposure to light or heat. The solvent may be selected 
as desired as far as it dissolves the acrylic monomer used 
in the present invention. 
The application of the paint may be suitably per 

formed by spray coating, beam coating, or can be per 
formed by dipping through selection of an appropriate 
solvent. 
When the protective layer is cured by exposure to 

light, the acrylic paint composition is caused to contain 
a photoinitiator. The photoinitiator may be added in a 
proportion of 0.1 to 50 wt. %, preferably 0.5 to 30 wt. 
%, of the acrylic monomer. 
The light used for curing may be actinic radiation 

including ultraviolet rays, X rays and electron beams. 
The photoinitiator may be any one which can generate 
radicals on exposure to such acetinic radiations, and 
examples thereof may include those represented by the 
following structural formulae: 

0 
II 
C— (IIH 

0R3 , 

R3 = isopropyl or isobutyl, 
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@I 
(I 

Q. 
i1 

0 

S 

R4 

R4 = isopropyl, methyl or ethyl, 

0 01 
VII I 

Cl 

0 OCZH5 

C-C-Cl, 

y 

a 
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Since the acrylic monomer has at least three acrylic 
groups, the acrylic resin after the curing is caused to 
have a fully-developed three-dimensional crosslinked 
structure, so that the protective layer is provided with 
an excellent mechanical strength. 

In the present invention, it is preferred to disperse 
electroconductive particles, such as metal particles, 
metal oxide particles or carbon black in the protective 
layer so as to control the electroconductivity thereof. 

In case where particles are dispersed in a protective 
layer of an electrophotographic photosensitive mem 
ber, it is generally necessary that the particles have a 
size suf?ciently smaller than the wavelength of expo 
sure light so as to prevent the scattering of the exposure 
light. In order to provide a uniform conductivity, it is 
necessary to uniformly disperse small electroconduc 
tive particles. For these reasons, the electroconductive 
particles may preferably have a number-average pri 
mary particle size of at least 1000 A, particularly at most 
500 A, before the dispersion. 
Accordingly, the resin used for constituting the pro 

tective layer is required to have a good ability of dis 
persing ?ne particles therein and also an ability of pre 
venting the dispersed particles from agglomerating to 
form secondary particles to the utmost. 
The acrylic monomer used in the present invention 

has at least three acrylic groups and has a relatively 
high polarity, so that the monomer shows a good ability 
of dispersing particles and can sufficiently uniformly 
disperse such ultra ?ne electroconductive particles as 
described above. As a result, the paint dispersion is 
stable for a long period, and the protective layer formed 
by applying, drying and curing the paint may be pro 
vided with an extremely high transparency and an ex 
tremely uniform electroconductivity. 

In a speci?c example for evaluating a dispersing abil 
ity of a polyfunctional acrylic monomer, several lots of 
tin oxide particles having different primary particle 
sizes each in an amount of 30 wt. parts were respec 
tively mixed with 60 wt. parts of an acrylic monomer 
represented by the following structural formula and 300 
wt. parts of toluene, and the mixture was subjected to 
dispersion in a sand mill for 48 hours. 

Table 1 appearing hereinbelow shows the particle 
sizes of the tin oxide particles with respect to the fol 
lowing items: 

(1) Average primary particle size before the disper 
sion by measuring the particle sizes of 100 tin oxide 
particles before the dispersion having a particle size 
of 50 A or larger taken at random by observation 
through an electron microscope (TEM) at a magni 
?cation of 2X105 and taking an average of the 
measured values; 

(2) Average particle size of the tin oxide particles 
within the liquid dispersion immediately after the 
dispersion; and 
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10 
(3) Average particle size of the tin oxide particles in 

the liquid dispersion after one month of standing 
after the dispersion. 

The average particle sizes in the items of (2) and (3) 
above were measured by a particle size-measuring appa 
ratus (“Horiba CAPA-700” having a lower detection 
limit of 300 A, available from Horiba Seisakusho K.K.) 

TABLE 1 

Average particle size of tin oxide (A) 
Primary Particles within liquid dispersion 
particles Immediately after One month after 

before dispersion dispersion dispersion 

400 500 500 
800 1100 1200 
1000 1300 1500 
2000 2500 4000 

As is clear from the above results, the acrylic mono 
mer used in the present invention provides a dispersion 
showing a particle size after the dispersion which is 
close to the primary particle size before the dispersion 
and which does not remarkably change with lapse of 
time, thus showing a good ability of dispersing ?ne 
particles. 
Examples of metal oxide particles suitably used in the 

present invention may include ?ne particles of metal 
oxide, such as zinc oxide, titanium oxide, tin oxide, 
antimony oxide, indium oxide, bismuth oxide, tin oxide 
coated titanium oxide, tin-coated indium oxide, antimo 
ny-coated tin oxide and zirconium oxide. These metal 
oxides may be used singly or in mixture of two or more 
species. When two or more species of metal oxides are 
used, they can assume a form of solid solution or ag 
glomerate. 
The metal oxide particles may preferably be con 

tained in a proportion of 5-90 wt. %, further preferably 
10-80 wt. %, of the protective layer. 
Further, in the present invention, the protective layer 

can optionally contain additives, such as a coupling 
agent and an antioxidant for improvements in dispers 
ibility, adhesiveness, environmental stability, etc. 
The protective layer may be formed directly or indi 

rectly on a photosensitive layer of the electrophoto 
graphic photosensitive member according to the pres 
ent invention. 
The photosensitive layer may assume either a so 

called single-layer structure containing both a charge 
generating substance and a charge transporting sub 
stance, or a so-called function-separated laminate struc 
ture including a charge transport layer containing a 
charge transporting substance and a charge generation 
layer containing a charge generating substance. 
The laminate type photosensitive layer may assume a 

structure including a charge transport layer and a 
charge generation layer disposed in this order on an 
electroconductive support, or a structure including a 
charge transport layer and a charge generation layer 
disposed in this order on an electroconductive sub 
strate. Particularly, in the latter structure of photosensi 
tive member, the charge generation layer which is gen 
erally a very thin layer constitutes an upper layer, so 
that it is very effective to dispose a protective layer 
thereon according to the present invention. 
The charge generation layer may preferably have a 

thickness of at most 5 microns, particularly 0.5-1 mi 
cron. 
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The charge generation layer may be formed by dis 
persing a charge generating substance selected from, 
e.g., azo pigments, such as Sudan Red and Dian Blue, 
quinone pigments, such as pyrenquinone and anthoan 
throne, quinocyanine pigments, perylene pigments, in 
digo pigments, such as indigo and thioindigo, azulenium 
salt pigments, and phthalocyanine pigments, such as 
copper-phthalocyanine and oxytitanium-phthalocya 
nine, within a binder resin together with an appropriate 
solvent, applying the resultant dispersion, and drying 
the applied layer of the dispersion. 
The binder resin may be selected from a wide scope 

of insulating resins or organic photoconductive poly 
mers, and suitable examples thereof may include: poly 
vinyl butyral, polyvinyl benzal, polyarylate, polycar 
bonate, polyester, phenoxy resin, cellulosic resin, 
acrylic resin and polyurethane. The binder resin may 
preferably be used in an amount constituting at most 80 
wt. %, particularly at most 40 wt. %, of the charge 
generation layer. 
The solvent used may be any one as far as it dissolves 

the binder resin used, and speci?c examples thereof may 
include: ethers, such as tetrahydrofuran and 1,4»diox 
ane; ketones, such as cyclohexanone and methyl ethyl 
ketone; amides, such as N,N-dimethylformamide; esters 
such as methyl acetate and ethyl acetate; aromatics, 
such as toluene, xylene and chlorobenzene; alcohols, 
such as methanol, ethanol and 2-propanol; and aliphatic 
halogenated hydrocarbons, such as chloroform, methy 
lene chloride dichloroethylene, carbon tetrachloride, 
and trichloroethylene. 
The charge transport layer may be formed by dis 

solving a charge transporting substance selected from, 
e.g., polycyclic aromatic compounds including a struc 
ture of e.g., biphenylene, anthracene, pyrene or phenan 
threne in their main chain or side chain; nitrogen-con 
taining cyclic compounds, such as indole, carbazole, 
oxadiazole and pyrazoline; and hydrazone compounds, 
and styryl compounds; in an appropriate solvent to 
gether with a binder resin to form a coating liquid, and 
applying and drying the coating liquid. The binder resin 
is used because a charge transporting substance gener 
ally has a low-molecular weight and lacks a suf?cient 
?lm-forming characteristic. 
Examples of the binder resin may include: insulating 

resins, such as acrylic resin, polyarylate, polyester, 
polycarbonate, polystyrene, acrylonitrilestyrene co 
polymer, polyacrylamide, polyamide and chlorinated 
rubber; and organic photoconductive polymers, such as 
poly-N-vinylcarbazole and polyvinylanthracene. 
The charge transport layer may preferably have a 

thickness of 540 microns, particularly 10-30 microns. 
The single-layer type photosensitive layer may be 

formed by a combination of a charge generating sub 
stance and a charge transporting substance, and option 
ally a binder. In this case, it is also possible to use a 
charge transfer complex comprising, e. g., a combination 
of poly-N-vinylcarbazole and trinitro?uorene. 
The single photosensitive layer may preferably have 

a thickness of 5-40 microns, particularly 10-30 microns. 
In the present invention, it is possible to dispose an 

intermediate layer between the photosensitive layer and 
the protective layer for the purpose of providing im 
proved adhesiveness, latitude of application, etc. The 
intermediate layer may be formed by a material, such as 
casein, polyvinyl alcohol, nitrocellulose, ethylene-acry 
lic acid copolymer, alcohol-soluble polyamide, polyure 
thane, gelatin or aluminum oxide. 
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12 
The intermediate layer may preferably have a thick 

ness of 01-10 microns, further preferably 0.3-2 mi 
crons. 

In the present invention, it is also possible to dispose 
an undercoating layer between the electroconductive 
support and the photosensitive layer. The undercoating 
layer may be formed by a material similar to one se 
lected from the class of materials for the intermediate 
layer. 
The undercoating layer may preferably have a thick 

ness ofO. 1-5 microns, further preferably 0.5-3 microns. 
The undercoating layer can also contain electrocon 

ductive particles, such as those of metal, metal oxide 
and carbon black. It is also possible to laminate such an 
undercoating layer containing electroconductive parti 
cles and an electroconductive particle-free undercoat 
ing layer in this order on a support. In this case, the 
electroconductive particles-containing undercoating 
layer may have a thickness of 01-50 microns, prefera 
bly 0.5-40 microns. 
The above-mentioned various layers may be respec 

tively formed by applying the respective coating liquids 
or paints containing an appropriate solvent by appropri 
ate coating methods, such as dipping, spraying, beam 
coating, spinner coating, roller coating, wire bar coat 
ing, and blade coating, and drying the applied layer. 
The electroconductive support used in the present 

invention may be formed from any materials having an 
electroconductivity inclusive of metals, such as alumi 
num, copper, chromium, nickel, zinc and stainless steel; 
plastic ?lm coated with a metal foil of, e.g., aluminum 
and copper; plastic ?lm coated with a vapor-deposited 
layer of, e.g., aluminum, indium oxide or tin oxide; and 
sheets of metal, plastic or paper coated with an electro 
conductive layer formed by application of an electro 
conductive substance together with an appropriate 
binder resin. 
Examples of such an electroconductive substance 

constituting an electroconductive layer may include: 
particles of metals, such asaluminum, copper, nickel, 
and silver; foil and short ?ber of metals; particles of 
electroconductive metal oxides, such as antimony ox 
ide, indium oxide and tin oxide; electroconductive poly 
mers, such as polypyrrole, polyaniline, and polymeric 
electrolytes; carbon ?ber, carbon black and graphite 
powder; organic and inorganic electrolytes; and parti 
cles coated with an electroconductive substance as de 
scribed above. 
The electroconductive support may assume an arbi 

trary shape, such as a drum, a sheet or a belt selected 
corresponding to an electrophotographic apparatus 
using the photosensitive member. 
The electrophotographic photosensitive member ac 

cording to the present invention may be generally appli 
cable to electrophotographic apparatus, such as copy 
ing machines, laser beam printers, LED printers, and 
LC-shutter printers, and also various apparatus, such as 
those for display, recording, small-scale printing, plate 
production and facsimile communication. 
FIG. 1 shows a schematic structural view of an ordi 

nary transfer-type electrophotographic apparatus using 
an electrophotosensitive member of the invention. Re 
ferring to FIG. 1, a photosensitive drum (i.e., photosen 
sitive member) 1 as an image-carrying member is ro 
tated about an axis 10 at a prescribed peripheral speed in 
the direction of the arrow shown inside of the photosen 
sitive drum 1. The surface of the photosensitive drum is 
uniformly charged by means of a charger 2 to have a 
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prescribed positive or negative potential. The photosen 
sitive drum 1 is exposed to light-image L (as by slit 
exposure or laser beam-scanning exposure) by using an 
image exposure means (not shown), whereby an elec 
trostatic latent image corresponding to an exposure 
image is successively formed on the surface of the pho 
tosensitive drum 1. The electrostatic latent image is 
developed by a developing means 4 to form a toner 
image. The toner image is successively transferred to a 
transfer material P which is supplied from a supply part 
(not shown) to a position between the photosensitive 
drum 1 and a transfer charger 5 in synchronism with the 
rotating speed of the photosensitive drum 1, by means 
of the transfer charger 5. The transfer material P with 
the toner image thereon is separated from the photosen 
sitive drum 1 to be conveyed to a ?xing device 8, fol 
lowed by image ?xing to print out the transfer material 
P as a copy outside the electrophotographic apparatus. 
Residual toner particles on the surface of the photosen 
sitive drum 1 after the transfer are removed by means of 20 
a cleaner 6 to provide a cleaned surface, and residual 
charge on the surface of the photosensitive drum 1 is 
erased by a pre-exposure means 7 to prepare for the next 
cycle. As the charger 2 for charging the photosensitive 
drum 1 uniformly, a corona charger is widely used in 
general. As the transfer charger 5, such a corona char 
ger is also widely used in general. 
According to the present invention, in the electro 

photographic apparatus, it is possible to provide a de 
vice unit which includes plural means inclusive of or 
selected from the photosensitive member (photosensi 
tive drum), the charger, the developing means, the 
cleaner, etc. so as to be attached or released as desired. 
The device unit may, for example, be composed of the 
photosensitive member and at least one device of the 
charger, the developing means and the cleaner to pre 
pare a single unit capable of being attached to or re 
leased from the body of the electrophotographic appa 
ratus by using a guiding means such as a rail in the body. 
The device unit can be accompanied with the charger 
and/or the developing means to prepare a single unit. 

In a case where the electrophotographic apparatus is 
used as a copying machine or a printer, exposure light 
image L may be given by reading a data on reflection 
light or transmitted light from an original or on the 
original, converting the data into a signal and then ef 
fecting a laser beam scanning, a drive of LED array or 
a drive of a liquid crystal shutter array. 

In a case where the electrophotographic apparatus 

25 

35 

45 

according to the present invention is used as a printer of 50 
a facsimile machine, exposure light-image L is given by 
exposure for printing received data. FIG. 2 shows a 
block diagram of an embodiment for explaining this 
case. Referring to FIG. 2, a controller 11 controls an 
image-reading part 10 and a printer 19. The whole con 
troller 11 is controlled by a CPU (central processing 
unit) 17. Read data from the image-reading part is trans 
mitted to a partner station through a transmitting circuit 
13, and on the other hand, the received data from the 
partner station is sent to the printer 19 through a receiv 
ing circuit 12. An image memory memorizes prescribed 
image data. A printer controller 18 controls the printer 
l9, and a reference numeral 14 denotes a telephone 
handset. 
The image received through a circuit 15 (the image 

data sent through the circuit from a connected remote 
terminal) is demodulated by means of the receiving 
circuit 12 and successively stored in an image memory 
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16 after a restoring-signal processing of the image data. 
When image for at least one page is stored in the image 
memory 16, image recording of the page is effected. 
The CPU 17 reads out the image data for one page from 
the image memory 16 and sends the image data for one 
page subjected to the restoring-signal processing to the 
printer controller 18. The printer controller 18 receives 
the image data for one page from the CPU 17 and con 
trols the printer 19 in order to effect image-data record 
ing. Further, the CPU 17 is caused to receive image for 
a subsequent page during the recording by the printer 
19. As described above, the receiving and recording of 
the image are performed. 7 

Hereinbelow, the present invention will be explained 
based on Examples wherein “part(s)” means “part(s) by 
weight” unless otherwise indicated speci?cally. 

EXAMPLE 1 

50 parts of electroconductive titanium oxide powder 
coated with tin oxide containing lO%-antimony oxide, 
25 parts of a phenolic resin (“Pli-O-Phen J-325”, mfd. 
by Dai-Nippon Ink K.K.), 20 parts of methyl cellosolve, 
5 parts of methanol and 0.002 part of silicone oil 
(polydimethylsiloxane-polyoxyalkylene copolymer, Mn 
(number-average molecular weight)=3000) were 
mixed and dispersed with each other in a sand mill 
apparatus using 1 mm-dia. glass beads for 2 hours to 
obtain an electroconductive paint. 
An aluminum cylinder (30 mm-dia.X26O mm-long) 

was coated by dipping with the above-prepared paint, 
followed by 30 minutes of drying at 140° C., to form a 
20 micron-thick electroconductive layer. 

Separately, 10 parts of an alcohol-soluble copolymer 
nylon resin (Mw (weight-average molecular 
weight)=29000) and 30 parts of methoxymethylated 
6-nylon resin (Mw=32000) were dissolved in a mixture 
solvent of 260 parts of methanol and 40 parts of butanol. 
The thus-formed mixture solution was applied by dip 
ping onto the above-prepared electroconductive layer 
to form a l micron-thick undercoating layer. 
Then, 10 parts of a styryl compound of the formula 

shown below and 10 parts of polycarbonate 
(MW=46000) were dissolved in a mixture solvent of 20 
parts of dichloromethane and 40 parts of monochloro 
benzene. The resultant solution was applied by dipping 
onto the undercoating layer, followed by 60 min. of 
drying at 120° C., to form a 18 micron-thick charge 
transport layer. 

CH3 

CH3@ 
Separately, 4 parts of a disazo pigment of the formula 

below, 8 parts of polyvinyl butyral (butyral de 
gree=68%, Mw:24000) and 34 parts of cyclohexa 
none were dispersed for 2 hours in a sand mill using 100 
parts of l mm-dia. glass beads. The resultant dispersion 
was diluted with 60 parts of tetrahydrofuran (THF) to 
form a liquid dispersion for a charge generation layer. 



5,391,449 
15 

The liquid dispersion was applied by spraying onto the 
charge transport layer, followed by 15 min. of drying at 
80° C., to form a 0.15 micron-thick charge generation 
layer. 

Cl 

HNOCHNOC OH 

Separately, 60 parts of a polyfunctional acrylic mono 
mer of the above-mentioned example No. 6, 30 parts of 25 
ultra-?ne tin oxide particles having an average particle 
size of 400 A before dispersion, 0.1 part of Z-methylthi 
oxanthone as a photo-initiator and 300 parts of toluene 
were subjected to 48 hours of dispersion in a sand mill. 
The average particle size of the tin oxide particles im 
mediately after the dispersion was 490 A. 
The resultant mixture liquid was applied in the form 

of a beam (i.e. by beam coating) onto the above-pre 
pared charge generation layer to form a layer, which 
was then dried and subjected to photocuring for 20 
seconds at a photo-intensity of 8 mW/cm2 from a high 
pressure mercury lamp to form a 4 micron-thick protec 
tive layer. 
The dispersibility of the liquid dispersion for the pro 

tective layer was good, and the resultant protective 
layer had a uniform surface free of irregularity. 
The thus-prepared electrophotographic photosensi 

tive member was positively charged by corona dis 
charge at +5 KV by using an electrostatic copying 
paper tester (“Model SP-428”, mfd. by Kawaguchi 
Denki K.K.), then held for 1 second in a dark place and 
exposed for 10 seconds at an illuminance of 2 lux. from 
a halogen lamp, whereby the charging characteristics of 
the electrophotographic photosensitive member was 
evaluated. 
The evaluated charging characteristics included a 

surface potential (V 0) after the charging, a sensitivity in 
terms of an exposure quantity (Er) required for reduc 
ing the surface potential after 1 second of standing in the 
dark to a half, and a residual potential after the 10 sec 
onds of the exposure. 

Further, the electrophotographic photosensitive 
member was incorporated in an electrophotographic 
copying apparatus of the normal development-type 
equipped with a corona charger of +6.5 KV, an expo 
sure system, a developing device, a transfer charger, a 
blade cleaning means and a discharging exposure sys 
tem, and subjected to a durability test by 10000 sheets of 
repetitive image-formation. 
The images before and after the durability test were 

evaluated, and the coating layer thickness of the photo 
sensitive member was measured both before and after 
the durability test was measured by an eddy current 

30 

45 

60 

65 

16 
type ?lm thickness meter (mfd. by KETT Co.) to obtain 
an abrasion thickness. 
The results are shown in Table 2 appearing hereinaf 

ter together with the results of other examples. As is 

Cl 

HO CONHCONH 

clear from the results shown in Table 2, the electropho 
tographic photosensitive member of this example 
showed good charging characteristics and provided 
good images free from image defects of spots or streaks. 

EXAMPLES 2-4 

Photosensitive members were prepared and evalu 
ated in the same manner as in Example 1 except that the 
polyfunctional acrylic monomer was replaced by those 
of the above-mentioned monomer examples Nos. 1, 9 
and 13, respectively. The results are also shown in 
Table 2. 

EXAMPLE 5 

An aluminum cylinder was coated with an electro 
conductive layer and an undercoating layer in the same 
manner as in Example 1. 
Then, 10 parts of a charge transporting substance and 

10 parts of polycarbonate (Mw=25000) were dissolved 
in a mixture solvent of 20 parts of dichloromethane and 
40 parts of monochlorobenzene, and the resultant solu 
tion was applied by dipping onto the above-prepared 
undercoating layer, followed by 60 minutes of drying, 
to form a 15 micron-thick charge transport layer. 

CH=C 

@ 
Separately, 4 parts of a disazo pigment of the formula 

shown below, 2 parts of polyvinyl benzal (benzal de 
gree=80%, Mw=11000) and 30 parts of cyclohexa 
none were dispersed for 20 hours is a sand mill using 1 
mm-dia. glass beads, and then diluted with 60 parts of 
methyl ethyl ketone to form a liquid dispersion for a 
charge generation layer. The liquid dispersion was ap 
plied by spraying onto the above-prepared charge trans 
port layer and dried for 15 minutes at 80° C. to form a 
0.10 micron-thick charge generation layer. 
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HNOC N=N 

NH 

Cl 

Separately, 60 parts of a polyfunctional acrylic mono 
mer of the above-mentioned example No. 11, 30 parts of 
ultra-?ne tiq oxide particles having an average particle 
size of 400 A before dispersion, 0.06 part of benzophe 
none as a photo-initiator and 300 parts of toluene were 
subjected to 24 hours of dispersion in a ball mill. The 
average particle size of the tin oxide particles immedi 
ately after the dispersion was 470 A. 
The resultant mixture liquid was applied in the form 

of a beam (i.e. by beam coating) onto the above-pre 
pared charge generation layer to form a layer, which 
was then dried and subjected to photocuring for 30 
seconds at a photo-intensity of 8 mW/cm2 from a high 
pressure mercury lamp to form a 4.5 micron-thick pro 
tective layer. 
The dispersibility of the liquid dispersion for the pro 

tective layer was good, and the resultant protective 
layer had a uniform surface free of irregularity. 
The thus-prepared electrophotographic photosensi 

tive member was evaluated in the same manner as in 
Example 1. The results are also shown in Table 2. 

EXAMPLE 6 

A photosensitive member was prepared and evalu 
ated in the same manner as in Example 5 except that the 
liquid dispersion for the protective layer was replaced 
with one prepared by dispersing a mixture liquid of 30 
parts of a polyfunctional acrylic monomer of the above 
mentioned example No. 7, 50 parts of ultra-?ne tin oxide 
particles having an average particle size of 400 A before 
dispersion, 01 part of Lmethylthioxanthone and 300 
parts of toluene for 24 hours in a sand mill. 
The results are shown in Table 2. 

EXAMPLES 7-12 

Electrophotographic photosensitive members were 
prepared in the same manner as in Examples l-6, re 
spectively, except that the order of disposing the charge 
transport layer and the charge generation layer in each 
example was reversed from those in Examples 1-6, 
respectively. 
The thus-prepared photosensitive members were 

evaluated in the same manner as in Example 1 except 
that the photosensitive members were charged nega 
tively. The results are inclusively shown in Table 3 
appearing hereinafter. 

EXAMPLES 13-18 

Electrophotographic photosensitive members were 
prepared in the same manner as in Examples l—6, re 

Cl 
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CONH 

HN 

spectively, except that a l micron-thick intermediate 
layer was disposed between the charge generation layer 
and the protective layer by using a coating liquid identi 
cal to the one for the undercoating layer in each Exam 
ple. 
The thus prepared photosensitive members were 

respectively evaluated in the same manner as in Exam 
ple l. The results are shown in Table 4 appearing here 
inafter. 

Comparative Examples 1 and 2 

Photosensitive members were prepared and evalu 
ated in the same manner as in Examples 1 and 7, respec 
tively, except that the protective layer was not pro 
vided in each Example. The results are shown in Table 
5 appearing hereinafter. 
As shown in Table 5, the photosensitive members 

showed good electrophotographic characteristic at the 
initial stage but provided inferior results in the durabil 
ity test. Particularly, in Comparative Example 1, the 
surface charge generation layer was abraded around 
300 sheets, so that it was dif?cult to obtain good images. 

Comparative Examples 3 and 4 

Photosensitive members were prepared and evalu 
ated in the same manner as in Examples 7 and 13, re 
spectively, except that the polyfunctional acrylic mono 
mer was replaced by an acrylic monomer of the follow 
ing formula: 

II iHB H 
CH3: CHCOCH3—C—CH2OCCH=CI-Ig. 

CH3 

The results are also shown in Table 5. 
In preparation of the liquid dispersion for the protec 

tive layer, the tin oxide particles in the liquid immedi 
ately after the dispersion showed an average particle 
size of 1500 A increased from 400 A as the primary 
particle size before the dispersion. 

Comparative Examples 5 and 6 

Electrophotographic photosensitive members were 
prepared and evaluated in the same manner as in Exam 
ples 11 and 17, respectively, except that bisphenol A 
type polycarbonate resin (Mn: 50000) was used instead 
of the polyfunctional acrylic monomer. The results are 
also shown in Table 5. 
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TABLE 2 TABLE 4-continued 
Electrophotographic Electrophotographic 

characteristics Abrasion characteristics Abrasion 

Dark Sen- Image Quality after the Dark Sen- Image Quality after the 
part sitivity Residual After durability part sitivity Residual After durability 

poten- Ea (lux - potential Initial 10000 test poten- Eé (lux - potential Initial 10000 test 
tial (V) sec) (V) stage sheets (pm) tial (V) sec) (V) stage sheets (pm) 

Exam- 840 2.3 20 Good Good 1.5 Exame 840 2.1 35 " " 1.5 
l316 1 ple 14 
Exam- 820 2.2 30 ” " 1.5 10 Exam~ 850 2.2 35 " " 1.2 
ple 2 ple 15 
Exam- 830 2.4 35 " " 1.2 Exam- 835 2.3 30 " " l.0 

ple 3 ple 16 
Exam- 820 2.5 20 " " 1.0 Exam- 860 1.8 30 " " 1 l 

ple 4 pie 17 
Exame 840 2.0 25 " " 1.1 15 Exam- 350 1.9 15 " " 1.5 
ple 5 ple 18 
Exam- 840 1.9 20 " ” 1.5 

ple 6 

TABLE 5 

Abrasion 
Electrophotographic characteristics Image quality after the 

Dark part Sensitivity Residual After or during durability 
potential E4 potential 10000 sheets of test 

(V) (lux - sec) (V) Initial stage durability test (p.111) 

Comp. Ex. 1 820 2.1 10 Good Image defects — 
occurred at 

300 sheets 
Comp. Ex. 2 —830 1.8 -— 1O " Image density 7.0 

decreased 
Comp. Ex. 3 —840 2.2 —40 Black spots & Black spots & 3.6 

image irregu- irregularity 
larity occurred increased 

Comp. Ex. 4 830 3.3 30 Black spots & Black spots & 3.0 
image irregu- irregularity 
larity occurred increased 

Comp. Ex. 5 —850 3.5 —95 Black spots & Black spots & 4.0 
image irregu- irregularity 
larity occurred increased 

Comp. Ex. 6 820 3.8 80 Black spots Image defects 3.1 
occurred occurred at 

7000 sheets 

40 What is claimed is: 
1. An electrophotographic photosensitive member, 

TABLE 3 comprising: an electroconductive support, a photosensi 
Electrophomgmphic tive layer and a protective layer disposed in this order, 

characteristics Abrasion said protective layer formed by polymerization of a 
Dark Sen- Image Quality after the 45 coating liquid comprising (a) a curable acrylic mono 
part sitivity Residual After durability mer having at least three acrylic groups and (b) electro 

POIBH' 15% (luX‘ potential Initial 10000 test conductive particles dispersed therein. 
“a1 (V) sec) (V) stage sheets (Fm) 2. A photosensitive member according to claim 1, 

Elm‘?- -840 Z-O — 10 Good Good 13 wherein said curable acrylic monomer is a photo-cura 
p e 
Exam- -s30 1.9 -15 " " 1.3 50 ble one‘ . . . . 

ple 8 3. A photosensitive member accordlng to claim 1, 
Exam- -830 1.8 - 10 " " 1.2 wherein said curable acrylic monomer is selected from 

PIE 9 those represented by the following formula (1)—(3). 
Exam- —825 1.9 —20 " ” 1.0 

ple 10 
Exam- -s40 1.8 -15 " " 1.0 55 Formula 

ple 11 X (1) 
Exam- —830 1.7 — 10 " ” 1.3 | 

ple 12 W-(f-Y, 
Z 

60 TABLE 4 El) (2) 
Electrophotographic 

characteristics Abrasion Z\ /\ /X 
Dark Sen- Mm after the N N 
part sitivity Residual After durability k /' ’ 

poten- E5 (lux ' potential Initial 10000 test 5 0% %O 
tial (V) sec) (V) stage sheets (tun) ] 

Exam- 850 2.2 25 Good Good 1.5 Y 
ple 13 
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—continued 
Formula 

and 

wherein X, Y, Z, W, X’, Y’ and Z’ independently denote 
hydrogen atom, alkyl group, aralkyl group, aryl group 
or functional group including acrylic group as de?ned 
below, A denotes —O— or -—S——, l and m indepen 
dently denote an integer of 0-10 with the proviso that at 
least three of X, Y, Z and W in the formula (1) and (2) 
or of X, Y, Z, X’, Y’ and Z’ in the formula (3) are func 
tional groups including acrylic groups selected from 
alkyl groups having terminal —OR, —ORZ, 

ll 
—C—CH= CH2 (acryloyl), 

0 CH3 

R3 denotes -C—~C=CH2 (methacryloyl), 

integer of 0-10. 
4. A photosensitive member according to claim 1, 

wherein said electroconductive particles have an aver 
age primary particle size of at most 1000 A. 
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5. A photosensitive member according to claim 4, 

wherein said electroconductive particles have an aver 
age primary particle size of at most 500 A. 

6. A photosensitive member according to claim 1, 
wherein said electroconductive particles are selected 
from the group consisting of metal particles, metal 
oxide particles and carbon black. 

7. A photosensitive member according to claim 6, 
wherein said electroconductive particles comprise a 
metal oxide. 

8. A photosensitive member according to claim 1, 
wherein said photosensitive layer comprises a charge 
generation layer and a charge transport layer. 

9. A photosensitive member according to claim 8, 
wherein said charge transport layer is disposed on the 
charge generation layer. 

10. A photosensitive member according to claim 8, 
wherein said charge generation layer is disposed on the 
charge transport layer. 

11. A photosensitive member according to claim 1, 
wherein said photosensitive layer consists of a single 
layer. 

12. A photosensitive member according to claim 1, 
wherein an undercoating layer is disposed between said 
electroconductive support and said photosensitive 
layer. 

13. An electrophotographic apparatus, comprising: 
an electrophotographic photosensitive member, means 
for forming an electrostatic latent image, means for 
developing the formed electrostatic latent image and 
means for transferring the developed image to a trans 
fer-receiving material; 

said electrophotographic photosensitive member 
comprising an electroconductive support, a photo 
sensitive layer and a protectic layer disposed in this 
order, said protective layer formed by polymeriza 
tion of a coating liquid comprising (a) a curable 
acrylic monomer having at least three acrylic 
groups and (b) electroconductive particles dis 
persed therein. 

* * * * * 
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It is certified that error appears in the above-identi?ed patent and that said Letters Patent is hereby 
currected asshown heluw: ' 

52% 

Line 14, "formula (1)" should read --formulas (l)--. 
Line 18, "—OR, " should read —- —OR1,-—. 

QQLLME 4 

Line 19, "hereinbelow" should be deleted. 

ELM 

Line 38, "acetinic" should read --actinic--. 

QQQLQMN l 1 

Line 47, "acrylonitrilestyrene" should read 
-—acrylonitrile-styrene--. ' 

QQLLM 14 

Line 10, "image" should read --image data--. 
Line 47, "a" should read -—an--. 

QQLQMN 13 

Line 59, "1500 A" should read -—l5OO A-— and 
"400 A" should read ——400 A--. 

QOLHMLZD. 

Line 44, "polymerization" should read -—providing a layer--. 
Line 47, "therein." should read --therein over said 

- photosensitive layer and thereafter polymerizing 
said curable acrylic monomer.--. ’ 

Line 53, "formula (l)-(3)" should read —-formulas (1)—(3 )--. 
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Line 35, "protectic" should read --protective-—. 
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photosensitive layer and thereafter polymerizing 
said curable acrylic monomer.--. 
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